Essential improvement of the photorefractive parameters of the organic structures has been found via nano-and biostructuring process. The spectral and self-assembling features which can support the photorefractive effect of some conjugated materials, including the liquid crystal ones, have been presented. To investigate the laser-induced change of the refractive index of the nanoand bio-objects-doped materials the holographic recording technique has been used. Moreover some innovative perspective dyes have been applied to study the effect of the rotation of the polarization plane of light. The area of application of the modified materials has been discussed. The tendency to replace the nanotechnology process with the biotechnology ones has been predicted.
Introduction
Extended area of the optoelectronic and biomedical application [1] [2] [3] [4] [5] of the different inorganic and organic compounds requires the search for new methods to optimize the spectral and photorefractive properties of such types of the materials. It is connected with an innovative design and simple way to control the basic physical-technical parameters.
According to the perspective role, namely, of the organic materials in optoelectronics and biomedicine in comparison with the inorganic ones, the optical features of these systems occupy the special place. Among these features the photorefractive parameters responsible for the effects of the laser-matter interaction in the anisotropic media have been considered in more detail.
In the current paper two optical effects coincided with the photorefractivity, such as the laser-induced refractive index changing, and the rotation of the plane of polarization of light is considered based on the model polyimide (PI) photosensitive donor-acceptor matrix and the nematic liquid crystal (NLC) compounds as well as on the solutions of noncentrosymmetric dyes. It should be mentioned that the organic systems with the initial intramolecular donoracceptor interaction have been used in order to have the chance to dope them with the intermolecular acceptors with good advantage.
Theoretical Background
In order to analyze the optical processes of the materials one should take into account the following. When the electric field of the laser wave is less than the intra-atomic electric field = / 2 correlated with the electron charge and with the Bohr radius , we should estimate the linear effect. But when the electric field of the laser wave is larger than the intra-atomic electric field , we should draw the attention on the nonlinear optical features. Using this aspect, the values of optical susceptibility play important role in nonlinear optical effect. Really, the most important optical characteristic of all organic or inorganic materials with different symmetry is the induced dipole, which can be expressed through the dipole polarizabilities ( ) [6] . These are in turn related by the proportional dependence to the nonlinear susceptibility ( ) and to the local volume of the materials (media). Thus, laser-matter interaction provokes the change in polarization of media and predicts the change in the important properties, such as dynamic, photorefractive, and photoconductive ones.
To predict the change of the cubic nonlinearity (3) , as minimum media local volume polarizability [7] [8] [9] , the laserinduced change of the refractive index Δ can be calculated from the diffraction efficiency [7] [8] [9] [10] via realization of the Raman-Nath diffraction conditions (Λ −1 ≥ ) using
Here Δ is induced change of the refractive index, 1 is the intensity in the first diffraction order, 0 is the input laser intensity, is the thickness of the medium, is the wavelength of the light incident on the medium, and Λ is the spatial frequency. Due to the fact that the refractive index depends on the light intensity in the media with the cubic nonlinearity, the nonlinear refractive index 2 can be estimated via (2) and then cubic nonlinearity (3) can be found via (3):
Here 0 is the linear refractive index and is the light velocity. It should be noticed that generally to calculate the nonlinear optical coefficients of the media with high value of the cubic nonlinearity we have used mechanism proposed in [7] and extended on the nanostructured materials in the publications [8] [9] [10] . Based on our previous results [8] [9] [10] [11] [12] and the current ones the model polyimide organic matrix and NLCs can be treated by pulsed nanosecond laser with good advantage to observe the dramatic change of the refractive index. Moreover, some anisotropic media based on the organic dyes solutions can support the evidences to use the innovative organic materials in the optical applications to resolve the different complicated tasks not only in the technical area but also in the biomedicine.
Experimental Results and Discussion
It should be remarked that the main accents are given on the study of the optical features of the structured organic materials.
Photorefractive Features of the Organics Activated by
Laser Irradiation. The laser-induced change of the refractive index has been studied under the Raman-Nath diffraction conditions at spatial frequency of 90-120 mm −1 and at the laser energy density of 0.03-0.6 J × cm −2 . The scheme has been analogous to that shown in [13] and can be shortly shown in Figure 1 .
(6)
(10) Figure 1 : (1) Nd-laser with the converter to second harmonic, (2) plane-parallel plate, (3, 5) mirrors, (4, 8) blocking and absorbance diaphragms, (6) photodetectors, (7) samples, (9) synchronized device, and (10) an additional continuous Nd-laser to readout.
The wavelength of the second harmonic of the pulsed nanosecond Nd-laser was 532 nm and the laser pulse width was 10-30 ns. The main results are shown in Table 1 . The database of the laser-induced change of the refraction index and thus general nonlinear features of the nano-objectsdoped materials with different sensitizers can be extended by including DNA.
Let us consider in detail results shown in Table 1 . As the promising nanoobject fullerenes, the quantum dots, the shungites, and the carbon nanotubes have been considered as well as the bioparticles based on DNA, we have testified that the model consideration of domination of the intermolecular charge transfer under intramolecular one using different types and placement of the nanoobjects can be applied with good advantage. It should be mentioned that, in the sensitized organic conjugated system, for example, polyimide one, the pathway of the electrons included in the charge transfer process changes due to the fact that charge transfers from the intramolecular donor fragment of organic conjugated molecules (triphenylamine) not to its acceptor fragment (diimide) but to nanoobjects if the electron affinity energy of the nanoobjects is larger than the one for intramolecular acceptor fragment. For example, electron affinity energy of intramolecular acceptor fragment of polyimide is close to 1.1-1.4 eV, the electron affinity energy of shungite structure is ∼2 eV, the one for fullerenes is ∼2.65 eV, and the one for quantum dots is placed in the range of 3.8-4.2 eV. Thus, the intermolecular acceptor fragment electron affinity energy is essentially larger. Therefore, incorporated nanoobjects are stronger sensitizers and they dominate the acceptor fragments of intramolecular complexes. In this case the field gradient is formed, the additional dipole moment is observed, the increase of the local volume polarizability is found, and the increase of dipole polarizability and of the charge carrier mobility is revealed. The first consideration of this process has been made in [8] and extended in [9] [10] [11] [12] . Regarding the DNA incorporation in the organic matrixes, it should be mentioned that these bioobjects revealed an additional shift in the spectral characteristics (that can support the possible formation of the charge transfer complex) which can be shown for the solution in Figure 2 and predicted the refractive index change with the value close to that observed before for the nano-object-doped organic materials. 
(4) (6) Indeed, the process of the DNA added in the organic matrix should be studied in detail in the future, but now one can testify that these renewable bioobjects can be considered as alternative ones to nanoobjects.
Using the obtained results, the nonlinear refraction 2 and nonlinear third order optical susceptibility (cubic nonlinearity) (3) for all systems have been calculated using a method described above. It was found that these parameters fall within the range: 2 = 10 −10 -10 −9 cm 2 × W −1 and (3) = 10 −10 -10 −9 cm 3 × erg −1 . It should be testified that the value of the obtained nonlinear optical coefficients for the organic materials studied in the current research is close to that received for the bulk silicon-based inorganic structures.
Rotation of the Plane of Polarization of Light.
It should be mentioned that generally in order to operate with active media responsible for the rotation of the light polarization plane one can use classical 10% sugar-water solution. But, using the innovative dyes with less concentration in the solvent, we can observe this effect at the same experimental conditions. The experimental scheme to measure the angle of the polarization plane rotation is shown in Figure 3 .
We have used the dyes as JM271-C1 (atomic weight is close to 317.4), YB-C2 (345.5), WD-C4 (401.6), JM47-C7 (485.7), and YB-C11 (597.9). Some dyes formulas are shown in Figure 4 .
The spectral results regarding the dyes solution in the thetrachlorethan are shown in Figure 5(a) . The change of the rotation angle for the solution with different dyes is shown in Figure 5 (b).
One can see that all dyes solutions permit rotating the plane of polarization of light with good advantage. It should be mentioned once again that we have used less content of each dye in the thetrachlorethan solvent than ones applied for traditional 10% sugar-water solution. Moreover, some saturation level has been observed for the molecular weight of dyes close to atomic weight of 375-400. It should be remarked that the 10% sugar-water solution rotates the light polarization plane with the angle of 3 ∘ at the same thickness of the cuvette of 10 mm. Thus these dyes can be considered as the alternative agents in comparison with sugar in order to realize the optical rotation effect for the polarization plane of light. Furthermore, for future comparative investigation, it will be necessary to functionalize the dyes in order to solve them in the water.
Conclusion
Based on the presented study and to analyze the received results one can say the following.
According to the database of the nonlinear features of the polyimide matrix and nematic liquid crystal materials from cyanobiphenyl group with different sensitizers, it can be prognosed that the different nanoobjects added in the model matrixes and new nature materials, for example, renewable DNA, can be considered as the good candidates to modify the photorefractive features of the organic materials with an initial donor-acceptor interaction. Moreover, it has been established that the nontoxic renewable bioparticles influence the photorefractive features of the organic conjugated T for pure TChE T for TChE + WD-C4 (0.05%) T for TChE + WD-C4 (0.1%) T for TChE + YB-C11 (0.05%) T for TChE + YB-C2 (0.05%) T for TChE + JM47-C7 (0.05%) T for TChE + JM271-C1 (0.05%) matrixes and can be predicted as alternative bioobjects instead of nanoobjects. For example, organic systems sensitized with the nanoparticles, such as fullerenes C 60 and C 70 , carbon nanotubes, or quantum dots, can be replaced by the renewable bioparticles sensitized materials. It can predict to apply the organic materials with DNA for the holographic recording, optical limiting, and the testing of the dynamic properties of the DNA-modified composites and their possible application in the general telecommunication systems and in the biomedicine. Thus, as an important conclusion, we should tell and predict that the nanotechnology methods and components can be effectively replaced by the biotechnology ones.
Evidences to rotate the polarization plane of the light have been shown using innovative dyes in comparison with that for the general sugar-water solution. The threshold level for Journal of Nanomaterials 5 the rotation angle on molecular mass has been established. It has been mentioned that for the future experiments and their explanation the procedure to functionalize the dyes to solve them in water should be needed.
Some unique approaches proposed in this consideration possibly can be useful in order to collect the new knowledge in the nano-and biomaterials science and to extend the area of the application of the structured organic systems. The results presented can be useful to apply them in the education process because the nanomaterials study area permits visualizing some physical effects and explaining some laws of the laser-matter interaction under the conditions of nanodimensional scale. It should be noticed that this study can be useful in order to reveal the new knowledge in the nano-and biostructured organic materials science in comparison with that obtained for the classical inorganic crystals.
